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SUSPENDED, ARTICULATED AND POWERED FRONT AXLE FOR WORK 

VEHICLES 

FIELD OF THE INVENTION 

The present invention relates to a suspended, 
articul Ah «d and powered front axle for work vehicles, and 
in particular for tractors. 

10 BACKGROUND OF THE INVENTION 

In the following description, the front axle is 
referral to as a "powered front axle," In nan y tractors, 
the front wheels are driven in addition to the rear 

is driven wheels, the tractor having four wheel drive* In 
many tractors, the front axle is a riqid, transverse 
structure which is hingeably attached to the front of the 
tractor chassis for swivelling, transverse movement 
around the lonqitudinal middle axle of the tractor-. With 

20 this axle structure, when one front wheel is raised to 
overcome an obstacle, the other front wheel has to come 
down the same distance. Other typr-5 of axles ore known 
which, as opposed to being rigid, have articulated end 
portions, each carrying a front wheel. Each of these end 

25 portions includes a deformble system and has <x 

Suspension device to transmit part of the mass of the 
tractor and the internal and external stresses exchanged 
between the tractor and the ground via a front wheel. 
The suspension devices may operate independently from 

30 each other so that each front wheel imy move up or down 
without influencing movement of the other front wheel. 
In the agricultural tractor industry, known axle 
constructions include an articulated axle which are 
powered and include suspension devices. 

n A tractor, which due to the nature of the operations 

to be performed frequently hag to make sharp turns, needs 
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to have a sitall turning radius so as to iirprove the 
maneuverability. To reduce the turning radius of the 
tractor, the wheel base is reduced by reducing the 
distance between the front, and rftar axles. 

Many agricultural vehicles, such as tractors, use 
so-called structural engines, wherein the engine block 
and fchfc trans mission, f orms part o£ the unsprung mass or 
chassis of the vehicle and is relied upon to assure the 
structural rigidity of the tractor. The front of the 

id engine carries; a ftoriL support member to which the front 
axle is hingeably mounted. This front support typically 
also supports the engine radial. or and provides means for 
aLl.ar:hin<j the tractor balancing weights. 

A major drawback of reducing the wheel to.se while 

iii maintaining I. he conventional front axle structure lies in 
the front axle being hinged further back along the 
agricultural vehicles, such as a tractors front support 
member, so that the axle is located directly beneath the 
front of the engine. The ground clearance at the front 

20 of the engine is less than the ground clearance of the 
front support member, due to the presence of the engine 
shafting and oil surrp. Moving the front axle rearward 
has serious inplications on the vertical position of the 
enyine. Thus, to provide clearance for the front axle, 

25 the engine and the drive train as a whole need to be 
elevat.fxi, thus raising the center of gravity, and 
impairing the stability, of the tractor. Further more, 
since an additional anchor point for the front axle is 
provided on the lower front of the engine, a major part 

jo of the stress and load from the powered axle is 
trans mitt. <=ri directly to the engine block and sump. 
Otherwise, being taken up by the front axle bearing 
specifically designed to support the front axle. This 
unavoidably requires further measures to increase the 

ib rigidity and structural strength of the engine, resulting 
in higher manufacturing cost3. Moreover, in tliis known 
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solution, t.hft problem of raising the engine is further 
conpounded by the differential casing {needed for a 
driven front axle) also having to be located beneath the 
front of the engine. 
5 It is therefore an object, of the present invention 

to provide a vehicle having a suspended, articulated and 
powered front axle presenting a reduced wheel base which 
ifl not subjected to the aforementioned drawbacks. 

10 SUMMARY OF THE INVENTION 

According to the present invention, there is 
provided a suspended, articular. *ri front axle. 

In l. he present invention, the problem of shortening 

is the wheelbase to reduce the turning radius of the tractor 
without interfering wli.li the engine is solved by a sweep- 
back conf iguration of at least left and right portions} of 
the front axle. The term "sweep-back" is intended to 
mean that the outer, opposite ends of the front axle are 

*u fujiLher- back with respect to the central portion as seen 
in the common forward traveling direction of the tractor, 
so that the longitudinal axis of symmetry of each outer 
axle portion terms an angle of other than zeto with a 
line drawn perpend i c:ul ar to the longitudinal axis of 
symmetry of the tractor and through the axis of the front 
axle differential. 

BRIEF DESCRIPTION OF THE DRAWINGS 

*n The pi went invention will be described, by way of 

exanple, with reference to the ace oirpan yi ny drawings, in 
which: 

Figure la Shows a known tractor front axle solution; 
Figure lb shows, schematically, a suspended, 
35 articulated and powered front axle for tractors, with the 
front axle being the main object o± the present 
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invention; 

Figure lc shows the increased t urning . angl e of the 
front wheels resulting in a smaller turning radius as a 
consequence of reducing the wheelhA.se and providing 
«5 a weep -back ; 

Figure 2 shows a schematic, exploded view of a 
portion of a first ftmhodi ment of the front axle w; cording 
to the present invention; 

Figure 3 shows a partial side vi ew of the axle shown 
io schomotl cal 1. y in Figures lb, le and 2; 

Figure 4 shows a front view, partially in sorption, 
ot the axle shown schematically in Figures lb, 1c, 2 and 
3/ 

Figure 5 shows a partial plan view of the axle shown 
is schematically in Figure 4; 

Figure 6 shows a view in perspoctivc of a second 
embodiment of the present invention; 

Figure 7 shows a partial side view of the second 
embodiment in Figure 6; 
20 Figure 0 shows a parti al , sectional front view o£ 

the second embodiment in Figure 6; 

Figure 9 shows a partial plan view of the second 
embodiment in Figure 6; 

Figure 10 shows the main elements of the second 
25 embodiment suspension mechanism; 

Figure 11a shows the way a wheel in the prior art 
(IViqure la) turns; 

Figure lib shows the way a whewl forming part of the 
innovative axle in Figures lb-10 turns; and 
30 fc'iqurc 12 shows how the tront wheels of the 

innovative axle in Figures lb-10 self -align in the event 
either of the front wheels loses traction. 

DETAILED DESCRIPTION OF THE PREFERRED E hBODI ItfJ NTS 

is 

Figure la shows, schematically, a conventional 



-4- 



PAGE 12«0 * RCVD AT 2Q1/2006 3:49:44 PM [Eastern Standard Timel * SVR:USPTO€FXRF-6/27 * DN1S:2738300 1 CSID:7173553107 1 DURATION (mm-ss):0M2 



r cd'ci-cuud iJ-n? rrum-uTi isn rn i en i 



Atty. Dkt. No. 17299 

tractor Tl, in which steering is effected by a front axle 
Pa. The instantaneous turning center CI or i.ra^tor Tl is 
l^ai.^i ci 1 oriy an axis a of a rear axle Ap including two 
nun ^directional wheels Wl, W2. More specit icaliy, 
s instantaneous turning center CI is defined as Lhe point 
ot which the projection ot i ear axis a in the horizontal 
plane (in other words the plane ot the drawing) 
intersects thn projections, in the" horizontal plane, of 
the two horizontal turning axes al, a2 of the front 

10 wheels W3, W4 ot front axlo Pa. Nbre specifically, axis 
al is perpendicular to the c: eri I, «r 1 i n e plane rl of wheel 
W3, and axis a2 is perpendicular to the center line plane 
r2 of wheel W4, when wheels W3, W4 are in their nexiirum 
turning position shown in Figure la. In actual fact, 

is front wheel W3 turns about an axis through a point PI on 
the center line within wh^wl W3, and wheel W4 about an 
axis through a point P2 on the center line within wheel 
W4. Wheels W3, W<3 are turned by mearift or respective 
hydraulic actuators (not shown in Figure la) ♦ 

*o The distance between the projections, in the 

horizontal plane, of the transverse axes of yyimnetry of 
the axle shafts of front wheels W3, W4 connected to front 
axle Pa, and of the transverse axis of symmetry of axle 
Ap of rear wheels Wl, W2 defines the wheelbase WBl ot the 

j.b body of tractor Tl. 

As shown in Figure la, front wheel* W3, W4 have 
different turning angles. That is, axis al and a2 
perpendicular to rl, r2 form an angle a which is the 
maximum difference between the turning angles of wheels 

/*o W3 and W4 . Tn other words, the inside wheel W3 in the 
turn, turns more than the outside wheel W4, which is a 
known requirement tor correct steering. Thia is easily 
understood since the inner wheel W3 lies closer to the 
instantaneous turning center CI than the wheel W4, 

*b resultinq in a smaller turning radius, and hence a larger 
turning angle for the inner wheel W3 . 
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In fact, if ft is r.h« turning angle oF wheel W4 (the 
"outer" wheel), then a+ft is the turning angle of wheel W3 
(the "inner" wheel), so that axes al, a2 of wheels W3, W4 
both converge at center CI located, as stated, along axis 
b ci of rear axle Ap . 

In one known conventional solution, the maximum 
turning angle 9-uHJi of the inside wheel W3 is limited by 
two major tactors . The maximum angle ia permitted by the 
transmission joint (not shown in Figure la) between each 
10 wheel W3, W4 and respective axle shaft SI, S2; in other 
words, the maximum turning angle j.s imposed by the 
transmission device, and is normally in the range of 50- 
^\ 

Furthermore, Lheie is a possible interference 

n between wheels W3, W4 (and/or their associated mudguards) 
and the body of tractor Tl at high turning angles. For 
this reason, in some known embodiments, the body of 
tractor Tl is made slimmer to give wheels W3, W4 more 
space to turn, neeMAit.at.1ng extensive re-design of Lhe 

20 engine; in others, as stated, to reduce the turning 

radius, wheelbase WB1 i« shortened by moving front axle 
Pa closer to rear axle Ap, with all the aforementioned 
drawbacks this entails. 

Figure lb shows, schematically, the configuration of 

j.s wheels Wl * , W2 1 of rear axle Ap', and wheels W3', W4 f of 
front axle Pa 1 according to the present invention . 

According to the present invention, a sweep-back 
angle f provides for reducing the wheel-base from the WB1 
value (Figure la) to a reduced value WB7 (Figure lb), 

m i.hua improving the turning performance of the body of the 
LraeLor T2 . in this context, "sweep-back angle f" .La 
intended to mean the angle formed by each axle shaft SI', 
S2 f with a line f perpendicular to the longitudinal axis 
of symmetry s' of the body of tractor T 2 . 

4b When comparing Figures la and lb, it will be 

appreciated that the central part 2 of front axle Pa 
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(i.e. the part underneath the front end of the tractor 
chassis), is at exactly the same location as the central 
pnrt. ?.' of front axle Pa'. As will become apparent 
lat^L, this has an advantageous effect on the overall 
5 configuration of the tractor. 

For a given, * normally" maximum turning angle (i.e. 
when wheel W3 1 in Figure lb is set to a conf ignration 
parallel to that of wheel W3 in Figure la), instantaneous 
turning center CI moves up to center C2, consequently 

in reducing the turning radius from Rl to R2 (compare 

Fiejures l# and lb) . As a result , angle a is increased to 
or', whereas angle IS is reduced to B' , the sum of a'+A' 
still being equal to 9 however. 

As a side remark, with reference to Figure lb, it is 

is observed that axis al' is not in line with axle shaft 
SI', since the angle of Si' is determined by angle f 
whereas the angle of al' is determined by the "normally" 
maximum turning angle of wheel W3' . 

Moreover, in addition, as a result of sweep-back 

20 angle £ of axle shafts SI T and S7 r , for a given maximum 
angle permitted by the end joint of each axle shaft Si', 
S2 1 , the inside wheel W3 1 can be turned by an angle equal 
to sweep-back anglfc f plug the maximum angle 9 permitted 
by the joint, ao LhaL i.hw instantaneous turning center 

25 can be moved even closer to tractor T2, from CP (Figure 
lb) to C2', as shown in Figure lc, thus further improving 
the turning performance of tractor T2 . 

in the case of the present invention therefore 
(Figure lc), the inner wheel W3 1 can turn by a total 

30 maximum angle of 6+f, where 0 has a maximum value of i>0- 
bb° (equal to Tn a practical example where the 

wheelbase is 3200 mm and the track width 1800 mm, angle f 
may vary around 0 9 , And thus the maximum turning angle of 
inner wheel W3' may be approximately 63 ft . Conversely, 

is the outer whanl W4 » can turn at mosL by an angle 0-f, 
where 0 ciyain has a maximum value of 50-bb°. Indeed, 
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since the drive train of the outer wheel W4' already 
enter* the wheel under an angle £ oriented in the 3ame 
direction as to which the outer wheel, will turn, the 
maximum steering angle of 55* is no longer available and 
5 has to be reduced by the value of angle f. 

Although this configuration would appear to penalize 
the outer wheel W4 1 , this docs not impose any limiting 
turning restrictions to the overall system because, as we 
have* seen, the outei wheel W4' anyhow always turns by a 
io smaller angle than inner wheel W3 ' . As seen in Figure 
1c, the difference in turning angle between wheels W3' 
and W4' is Therefore, when or" is larger thon f, no 

turning restrictions arc imposed on the outer wheel W4' . 
And this is indeed the cant* as, since a" represents the 
is difference in turning angle between the inner wheel W3' 
and outer wheel W4', the following equation can be made: 

a" - (B+r>-<e-f) or 

a" - 2f 

Since the rHI" Terence a" between the turning angles 
20 of wheels W3* and W4 ' is inversely proportional to the 
wheelbase of tractor T2 f and since the maximum 
permiAftible sweep-back (fmax) equals half angle ct" , as 
shown, the turning angle of the outside wheel W4 ' will be 
further reduced with respect to that of inside wheel W3* 
2<s when the wheelbase 13 shortened. 

Therefore, when executing the sharpest turn, the 
inside wheel W3 T turns at most by angle G, imposed by the 
transm j as ion device, plus sweep-back angle f, while the 
outside wheel W4' turns at most by angle. 0 minus sweep- 
30 back angle f, thus still meeting the conditions required 
for correct steering. 

In other words, sweep-back angle f reduces the 
turning radius of tractor T2 two Told, 

A first .reduction is by reducing the wheelbase {from 
ir. WB1 in Figure la to WB2 in Figure lb) so that the turning 
radius goes from Rl in Figure la to R2 in Figure lb. and 
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- a second reduction of the turning radius from R2 
(Figure lb) to R2 1 , as shown in Figure 1c; this being 
enabled by increasing the turning angle of inner wheel 
W3' from 9 (Figure lb) to 0+f, where £ may assume a 
<> maximum value. of a'72 ♦ 

As already mentioned, the solution according to the 
present invention, while providing a reduced wheelbase 
and additionally an increased turning angle of the inner 
wheel, nevertheless enables the front axle Pa' to be 
iu connected to the front axle support member, in oLhex. 
words the body portion of the tractor T2 specifically 
designed for the purpose, as opposed to being connected 
further bacfc beneath the engine, with all the entailing 
drawbacks . 

i?» Kowever, turning by an increased angle e+f, greater 

than 0, entails another problem which has to be solved 
before bfting able to fully make use of the increased 
turning angle of the inner wheel. Indeed, as a result of 
the increased turning angle 0+f and upon maximum steering 

?.o lock, the inner wheel W3' (or its associated mudguard) 
may interfere with the body of tractor T2 . 

To solve the above problem, the qeometry of the 
suspensions of axle shafts Si', S2 1 muAt. be designed to 
enable a less pronounced approach of the wheels W3 1 and 

25 W4 1 towards the body of the tractor T2 in the potential 
.interference area, when turning to a full steering lock. 

The way this can be achieved by appropriately 
3«le<:Ung the turning axis of each front wheel W3 1 , W4 ' 
is described below. 

30 Figures 2-5 show a first embodiment of the present 

invention illustrating in detail the component party of 
the system connecting wheel Wi* to the body of tractor 
T2 . The suspension configuration of whftel W4' is a 
mirror image of wheel W3' , and therefore doesn't need to 

35 be described in detail. Also, although W3' is described 
as being the inner wheel and W4' as the outer wheel. 
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their function of course may be reversed. 

As stated with reference to Figures lb and le, front 
axle Pa' includes two axle shafts Sl r and S2 ' (only axle 
shafl Si' of wheel W3' is shown in Figures 2-b) . Axle 
shaft SI 1 i3 associated with the front support member 10 
(Figure 4) integral with the body of tractor T2. Central 
axle part 2' is integrated in the front support member 
10, which al30 centrally houses the differential casing 
(not shown) of the rront axle Pa' . As seen in Figure 4, 
a drive shaft port 17c, operably connected to the 
differential casing, projects outwardly from the front 
support member 10. The shaft part 17c coincides with 
axle part 2' and thus is oriented orthogonal to the 
longitudinal axis S' of tractor T2. 

A suspension 11 includes a bottom arm 1 la and a top 
arm lib that are attached to the side of the front 
support member 10. Bottom arm 11a and top arm lib are 
hinged to member 10 by means of pins 12 and 13 
respectively (Figure 4) . 

A fluid actuator such as a hydraulic cylinder 14 is 
preferably, although not necessarily , hinged to bottom 
arm 11a to act as a shock-absorber or, more generally, to 
vary the stiffness of suspension More specifically, 

hydraulic cylinder 14 iy hinged to the body of tractor T2 
by a pin 15 (Figure 4) and to bottom arm 11a by an 
articulated joint 16. The cylinder ]4 is connected to a 
hydraulic circuit (not shown) of tractor T2, enabling 
pressure changes inside the cylinder 14. 

Axle shaft si' extends substantially centrally (as 
well in the vertical as in the horizontal plane) between 
arms 11a and lib, and includes an intermediate shaft 17a 
having two universal joints Gl, G2 at its opposite ends 
for transmitting motion from Ihe differential casing 
through the drive shaft 17c to wheel W.V. An outer shall 
17b extends from universal joint G2 to transmit motion to 
wheel W3 f . 
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As seen in Figures 4 and Fi, the cylinder 14 is 
attached sufficiently forwardly to the bottom arm 11a so 
that the intermediate shaft 17a, in it a central 
horizontal position relative to the arms 11a, lib, may 
«3 pass behind cylinder 14 without interference. 

In addition to the differential casing, the front 
support member 10 may advantageously, though not 
necessarily, house a device (not shown) for broking front 
wheal* N.V , W4 ' „ 

hi As seen in detail in Figures 2, 3 and b, arms Ho, 

lib are advantageously each in the form of a double fork, 
and support a .sub3i.antj.ally cup-shaped articulated 
support 10 to which the ends of arms 11a, lib are hinged 
by pins 13a, 19b and pins ?0a, 20b respectively. 

i* Articulated support 18 is shaped to house a hub carrier 
21, in turn supporting a hub 25 (Figu/es 2, 4 and 5> of 
wheel W3 f by mean* described in detail further on* 

Hub carrier 21 ij> supported inside the cup-shaped 
articulated support 18 by means of two hinges 22, 23, 

20 each defined by the union of two substantially ogival 
male- female members (Figure 3), More specifically, the 
male member 22a, 23a of each hinge 22, 23 is housed 
partly inside a through seat 22b, 23b tormed in the body 
of articulated support 18/ and is fixed to the body of 

25 articulated support. 18 by a threaded nut 22c, 23c screwed 
to a threaded shank 22d, 23d (Figure 3) . Hub carrier 21 
in turn includes two ogival female cavities 22e, 23e for 
receiving respective ogival portions of male members 22a, 
23a of hinges 22, 23. 

30 . Hub carrier 21 i3 normally made by casting, and, as 

shown in Figure 4, includes, in the portion facing wheel 
W3\ a through hole 21a for the passage of outer .shaft 
17b of axle shaft -SI', which, as stated, transmits motion 
to wheel WA 1 . For this purpose, outer shaft 17b is 

so connected (by known means) to hub 25, which is fitted 
with a disk 26a of wheel W3'. A portion of outer shatt 

-ii- 
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17b extends inside hub 2f>, which may house the component 
parts of a final reduction unit Rh'D. 

7\s shown in more detail in the top plan view of 
Figure b, intermed j ate shaft 17a of axle shaft SI 1 has a 
s longitudinal axis of symmetry K sloping by sweep-beck 
angle f with respect to the line t' perpendicular to the 
longitudinal axis of symmetry s 1 of the body of tractor 
T2. 

It will b<* appreciated from the above that, to avoid 

io interference with the engine, the sweep-bock" 

configuration only starts at the side of the front 
support member- 10. in other words, the tront support 
member 10 is operable to bring the axle pari. 2' with 
integrated drive shaft 17t: outwards towards its side, 

i.-i wh.ir:h is substantially flush with the engine mounted 

behind it, in a fully orthogonal or Jen tat ion relative to 
the central longitudinal axis s' of tractor T2 . As such, 
the space taken up by the engine is tully circumvented, 
while nevertheless allowing full functional use of the 

.70 front support member 10 and application of the 3weep-back 
configuration . 

The forked shape of the arms 11a, lib further 
enables connection to the front support member 10 in a 
manner such that the drive shaft SI', including partial 

25 shafts 17c, 17a and 17b, may be positioned centrally in 
the horizontal and vertical plane between the arms 11a, 
lib, reducing overall load and atreaa influences. 

Figure* 2, 3, 5 show a hydraulic actuator 30, the 
rod 31 of which is connected by an articulated joint N to 

30 an arm 32 (Figure 2) integral with hub carrier 21. The 
movement of rod 31 is variable in sign and magnitude, and 
rotates hub carrier 21 around hinges 22, 23, and 
therefore turn3 wheel W3\ as controlled by the user 
operating a steering device (not shown) . 

30 Ay shown in more detail in Figure 3, the axis tl of 

hinges 22, 23 slopes by a 30-called caster angle 6 with 

-12- 
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respect to a line vl perpendicular to the ground GR. If 
no caster, ariglw would be provided, then, upon turning, 
the rearward part of the wheel, lying in a horizon!. al 
plane through the central rotational axis of the wheel, 
would approach the engine the most. However, by virtue 
of caster angle 6, the mentioned horizontal plane is 
tilted, cau3ing a lower part of the wheel W3 ! to become 
closest to the body ot tractor T2 when turning- This is 
advantageous in that there is a normal ground clearance 

iu between the engine and the ground, which therefore is a 
preferential non-interference area between wheel W3' and 
the body of tractor 72 , 

Caster angle 6 in addition provides for improved 
steering and so-called "swing-back", i.w. causes wheels 

13 W3', W4 1 to awing back "naturally" to the straight 

position when the driver releases the 3teering wheel at 
the end ot a turn. 

In fact, if Fl (figures 3, 4, 5) is the transverse 
horizontal component of the force exerted by ground on 

?o wheel W3 1 at poinL Hi, force li'l possesses a moment with 
respect to caster axis tl. Since, when turning, force Fl 
taces inwardr. of the turning circle, a moment is 
generated which tends to straighten wheel W3', thus 
producing a seit-aligning effect on wheel W3', as 

25 required for homologation approval of the steering 
system. The force Fl represented in the drawings is 
encountered when the wheel w:$' would make a turn to the 
right. The above also applies to wheel W4 ' . 

Caster anqle 5 is also associated, in an inventive 

30 manner, with a pronounced kingpin angle s ♦ As shown in 
Figure 4, kingpin angle z can be defined as the angle 
between the projection of axis tl in a vertical plane 
(the plane of Figure 4) through the ax.i.3 of wheel W3 1 , 
and a line v2 lying in the same plane and being 

35 perpendicular to ground GR. More specifically, line v2 
may be selected to intersect the point H2 at which the 

-13- 
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projection of axis tl in the sheet plane intersects 
ground GK. 

Point Hi, already referred to above, may be defined 
as the point at which the efcnterline m of wheel W3 1 
intersects ground GR. In this context, segment H1H2 is 
referred to as the "ground arm" of the steering system. 

The value of ground arm HlH2 is determined by: 

kingpin angle c; 

hho offset OFF of disk 26a, i.e. the distance 
iu between the plane nl in which disk 26a rests on n rim 
2 6b/ and the plane n2 in which disk 2 6a re3ta on hub ?5; 
in the present case, offset. OK if' is also defined as the 
distance between plane nl and the outermost part of rim 
2Gb; 

is the camber |j, i.e. the angle formed by the 

intersection of ccnterline m with a line perpendicular to 
ground GR, in particular line v2; and 

the general configuration of the hub carrier 71 /hub 
2 5 system {Figure 4) . 

20 Afl will be seen, to achieve the desired effects of 

avoiding collision of the front wheels with the troctor 
body upon full steering lock, ond in addition to self- 
alignment of wheels W3 ' , W4 1 , ground arm H1H2 must have a 
negative value, i.e. point H2 must be located outwards of 

25 point HI with respect to thft center line of tractor T2 . 

Obviously, to increase the distance between point H2 
and point Hi, the kingpin angle r and camber u have to be 
increased. T r camber \x would be zero, then a negative 
value of H1H2 still could be obtained by increasing angle 

30 c. However, there are limitations to the maximum value 
of angle e since the more kingpin angle c deviates trom 
the vertical, the larger the forces become of the wheel 
on the hinges 22, 23 and on the suspension structure. 
These forces consist of reaction torque developed by the 

3ii planetary reductor RED on the wheel hub 25. The hinges 
22, 23 arc designed to withstand prevalent axial forces, 
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Ln.sL.edd of side forces. Increasing angle e too much would 
therefore -jeopardize the 11 Cel. i me of the hinges. As seen 
in Figure 4 # having a camber u other than zero shifts the 
lower pari of the wheel W3' closer to the tractor body 
5 whereby the intersection f 12 at the qround of the 
projected axiy throuqh the hinges 22, 23 will shift 
towards the outer aide of the wheel. This therefore 
helps in obtaining a negative H1H2 value without having 
to increase kingpin angle c beyond on acceptable limit. 

in Moreover, a pronounced camber \i again has the 

additional advantage of moving the upper part of the 
wheel further away from the tractor body, as auuh 
allowing an increased turning angle without the risk of 
letting the wheel collide with the tractor body. The 

is fact that the lower part of the wheel is closer to the 
tractor has no negative influence on the steering as 
there anyhow is a free space between Lhe engine and the 
ground, as already explained. 

A more pronounced offset OFF also advantageously 

20 increases the value o± H1H2. However, there are 

limitations to the value OFF a» it would not be desirable 
to let the final reduction RED extend outwards from the 
side face of the wheel W3' . Moreover, offset OFF will 
also be influenced by the suspension geometry and the 

25 track width of the tractor. Tn the following 

description, like component.* have been given like 
reference number a. 

Tn comparison to the first embodiment, axle shaft 
Si' again is associated with the front support member 10 

do (Figures 6 and 8) integral with the body of tractor T2. A 
suspension 11 is attached to the member 10 and includes a 
bottom arm 11a and a telescopic top arm lib. Bottom arm 
11a is hinged to member 10 by means of pins 12 (Figure 
8). The telescopic top arm lib is connected at one end 

is to an extended upper part o£ the front support member 10 
by a pin 13 and an articulated joint 23 and at the other 
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end to an art. ic.nl * Led support 18 by a strong bracket. 

Telescopic top arm lib includes a telescopic; 
hydraulic cylinder 14 which iy connected to a hydraulic 
circuit (not shown) of tractor T2 and which act3 as a 
5 shock-absorber or, more generally, provides for varying 
the stiffness of suspension 11. 

Axle shaft SI' extends between the front support 
member 10 and the wheel W.V . SI' i3 provided 
substantially centrally above the arm 11a and runs 

iij throuqh the support 18 underneath the* cylinder 14. Axle 
shaft SI 1 includes an inl.ft nn«dia te shaft 17a with 
universal joints til, G2 on the ends (Figure 8); an outer 
shaft 17b extending from joint G2 to transmit motion to 
wheel W3 r ; and an inner shaft 17c which is connected to 

15 the differential casing inside the tront support member 
10. 

As shown in detail in Figures 6 and 7, arm 11a is 
advantageously triangular, and arm lib includes a 
cylindrical connecting bracket 24 between cylinder 14 and 

.?o the articulated support 18, which acts as hub carrier. 
Arms 11a and lib therefoi^c support the articulated 
support 18, which is substantially cup-shaped and has o 
bottom attachment tor connection to orm 11a by means of 
an articulated head 22, and a top attachment for 

2fi connection to cylinder 14 by means ot the fixed bracket 
24. 

With reference to figure 10, articulated support 18 
therefore forms part of an articulated system defined by 
bottom arm 11a hinged on one side to the front support 

30 member 10 by the pins 12, and connected on the other side 
by articulated head 2 2 to the articulated support 18, in 
turn bracketed to cylinder 14, which it3«TC is connected 
through pin 13 and articulated joint 23 back to the front 
support member of tractor T2 . 

y-* Suspension 11 therefore allows wheel W3' to turn - 

by articulated support 18 rotating about axis tl (Figure 
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U) - and also to shake vertically by virtue of the 
characteristics of telescopic cylinder 14. 

Articulated support 18 is normally cast, and, as 
shown in Figure 10, includes, in the portion facing wheel 
W3\ a through hole 18* for the passage ot outer shaft 
17b of axle shaft SI', which, as stated, Ltausmits motion 
to wheel W.V. For this purpose, outer shaft 17b ±3 
connected (by known means) to a hub 25, which is fitted 
with a disk 2(»a of wheel W3 1 (Figure 8) . A portion of 

to outer shaft 17b extends inside hub '2b, which may house 
the component part?, of a reducer or final reduction RED. 

As shown in more detail in Figure 9, and comparable 
to the first embodiment, intermediate shaft 17a of axle 
shatt 51 r has a longitudinal axis of symmetry K sloping 

is by sweep-back Hnyle f with respect to the line t' 

perpendicular to the longitudinal axis of symmetry s 1 of 
the body ot tractor T? , 

Figures 6, 7 , 9 also show a hydraulic actuator 30, 
the rod 31 of which is connected by an articulated joint 

.?o N to an arm 32 integral with articulated support.. 18, The 
movement of rod 31 is variable in sign and magnitude, and 
rotates articulated support 18, and therefore turns wheel 
W3 r , as controlled by the user operating a steering 
device (not shown) . 

25 As shown in more detail in figure 1, the axis tl of 

articulated joints 22, 23 slopes by the r.o-called easier- 
angle 5 with respect to a line vl perpendicular to the 
ground GR. The caster angle 6 provides for the same 
effects and advantages as already discussed with 

30 reference to the first embodiment. It is observed 

however that, contrary to the first embodiment, axis tl 
runs through support arm lib which at the same tune is 
part of the suspension mechanism. 

Caster angle 5 is alau associated, in inventive 

™ manner, with a pronounced kingpin r (Figure 8) . As 
regards the kingpin angle z, force Fl, points Hi, H2, 
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angle u and offset OFF, reference may be made to whal has 
already been stated relative to t.h« first embodiment in 
Figures 2-§. 

With reference to both embodiments, by combining the 
s ettect described of caster angle 5 *nd the effect of a 
pronounced negative ground arm H1H2, the vertical of the 
center ot wheel W3 ■ moves away from the body of tractor 
T2 when turning, resulting in wheel W3 ' not coming as 
close to the body of troctor T2 as in conventional 

10 con f i gu rat ions . 

Tn fact, as shown in Figure 11a, a lenown wheel W3 
turns about a point HO lying interiorly of the centerline 
plane of wheel W3, an that, when turned about this point 
HO by the steering actuator (not shown in Figure 11a), 

is wheel W3 would collide with the body of tractor Tl at 
point A. Conversely, as depicted in Figure lib, with a 
negative ground arm H1H2, whe^l W3 1 turns about point h2 
outside the centerline plane of wheel W3 ' into the 
configuration shown in Figure lib, in which the point on 

20 wheel W3 • closest to the body of tractor T2 is point B. 
As con be seen, adopting a neqativc ground arm H1H2, the 
point on wheel W3 1 closest to the body of tractor T2 is 
separated from the body of tractor T2 by a given distance 
A, J. ft. wheel W3 r does not come as ciosft to the body of 

25 tractor T2 when executing o full steering lock* 

Distance A thus provides for fully exploiting the 
turning angle obtained by adding the sweep-back angle f 
to the maximum angle B permitted by the joint, thus 
drastically reducing the risk of interference between 

*o wheel W3 1 and the body of tractor T2. 

Although not shown in Figure lib, it will be 
appreciated that the outer wheel has a comparable 
negative ground arm which will make the wheel move away 
fi.Oirt the chassis in a backward direction as opposed to 

as the forward direction ot the inner wheel shown in Figure 
lib. 
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Another col 1 ateral effect ot negative ground ann 
I11H2 is a further self-aligning phenomenon described with 
reference to Figure W. 

Figure 12 shows a schematic plan view of front axle 
•j Pa with a negative ground arm. Points E' and H' indicate 
the spots at which respective wheels Wli ■ and W4 1 contact 
ground GK. Points E and H are the virlu*l turning points 
( intersect -i one of respective axes t' with ground GR) of 
wheels W3' and W4 1 . Segments E ■ F. and H r H therefore 
iu represent the ground arms of respective wheels W3 ' and 
W4 1 . F and R indicate the articulation points of the 
connecting steering rod TS, which phyft i ly connects the 
wheels. 

Suppose the front differential lock is engaged, as 
is is normal for a tractor in heavy towing conditions, 
points H', F. 1 of wheels W4 ' , W3 ' are subjected U> the 
forces F4 ' , F3' exchanged between wheels W4 ' , W3 f and 
ground GR. 

When the tracLion of both wheels ' , W4 r on ground 
20 GR is the same, the clockwise moment Ml of force F4 ' and 
the anticlockwise* moment M2 of force 1T3 1 are identical in 
absolute value and opposite in sign, and produce on 
steering rod TS a balanced compressive stress by virtue 
of its moments be i ng equal in absolute value, 30 that no 
stress is produced on the steering wheel (not shown) 
connected mechanically to steering rod TS. 

Supporting now that the wheel W3* loses tract, ion with 
respect to wheel W4 ? , then a reduction in moment M2 is 
experienced because, for a given ground arm EE', the 
in value of force F3 1 has decreased. Moment. Ml generated by 
wheel W4 ' therefore becomes predominant, so that tractor 
T2 tends to turn to the right, i.e. the reaction of 
steering rod TS to Lhe unbalance between moments Ml, M2 
is a tendency to turn right. 
35 At tractor level, however, the lo3S of traction by 

wheel W3 1 is converted into a tendency of the tractor to 
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turn lett on acrttunl. of the predominant forces on the 
right side. In a force configuration in which the right 
side pulls harder than i.hw left (which has lost 
traction), the tractor would tend at this point to turn 
:. left, siii^-e the resisting force applied to the tractor is 
assumed along its (interline . The tractor would 
therefore tend to turn left, at the same time creating « 
feedback signal inducing a right turn as a result of the 
forces on the steering rod TS transmitted to the steering 
10 wheel. 

If the driver, therefore;, were to release the 
steering wheel upon the above loss of traction, the 
tractor would automatically turn right simultaneously 
with its tendency t.o advance leftward. The driver, who 

is in act.iiHl fact normally keeps hold of the. steering wheel/ 
is therefore induced in real time to effect a steering 
correction to counteract in advance the effects of the 
unbalance in the external force oon figuration . 

By virtue of th* negative ground arms EE', HH ' , the 

20 tractor transmits to the driver a real-time signal 

indicating a forthcoming loss in directional stability, 
which can br; counteracted directly by th<* driver simply 
responding t.o the incoming signal on the steering wheel, 
or iy corrected automatically by the system if the driver 

25 should release the steering wheel. 

In other words, if wheel W3 1 losea traction, the 
tractor would tend to turn left Lhrough lack of pull on 
the left and a predominant pull on the right, but the 
3teering system automatically turns right, so that either 

3u the driver senses a reaction on the steering wheel 

inducing a right turn, or, even if the steering wheel is 
released, the tractor turns itself automatically to 
mnintain direction. 

The advantages of the suspended articulated axle for 

35 vehicles, in particular farm tractors, according to the 
present invention are as follows: 
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(#) reduction in the turning radius or the tractor 

by: 

- increasing the Lurniny arujle of the inside wheel 
beyond the limit imposed by the universal joint; 
5 - reducing the whe^lhase of the tractor while. 

preserving a convenient structure in which the front axle 
is secured to the structure in front of, as opposed to 
beneath, the enqinc; 

(b) increasing the distance between the wheel and 
lu the tractor body when turning, to prevent interference 

when executing tight turns; 

(c) aelf -alignment in the event of a loss of 
traction with the front differential lock engaged; and 

(d) in the second embodiment (McPheraon suspension) , 
j?! the poflftjhi 1 i Ly of implement inq reliable, low-cost 

solutions as demanded by medium- small range tractors. 
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